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The inverse problem in electrocardiography consists
of inferring the electrical potential on the outer surface
of the heart (the epicardium) from recordings of the
electrical potential on the surface of the body. This
problem is important clinically because body surface
potential recordings are easy to obtain clinically but
reveal little detailed information about the heart. In
contrast, epicardial recordings provide important real-
time information about the heart but cannot be mea-
sured directly without opening the chest surgically and
placing electrodes on the surface of the heart.
While the mathematical inversion process would ap-
pear to be simply a matter of inverting the matrix that
represents the transfer of electrical potential from the
heart to the body surface, it is in actuality a hard problem
because the inversion process is much like dividing by a
number very close to zero. Small errors in measurement,
for example from electrode noise, can create very large
errors in the inverse computation. Algorithms called
‘‘regularization’’ algorithms smooth the data to increase
the accuracy of the computed solution. The performance
of these algorithms is determined strongly by the choice
of their parameters, which balance smoothing versus
spatial resolution, and this choice remains largely em-
piric. A practical obstacle to advancement of the ﬁeld is a
paucity of validation data obtained from human subjects.
This edited book is a state-of-the-art review focused on
the mathematical techniques that have been developed to
deal with the inverse problem. It is written primarily for
researchers and graduate students in biomedical engi-
neering.
The book is organized into eight chapters.Many of the
chapters describe lucidly the mathematical challenges of
the inverse problem and the theoretical bases for the
various solutions that have been developed over the past
three decades. The chapter on validation is a compre-
hensive review of the literature from the perspective of
leaders in the ﬁeld. The topics covered are regularization
using the spatial covariance of the solution when it can be
known a priori (Chapter 1), methods for adaptive con-
struction of locally more dense ﬁnite element meshes and
methods for varying the regularization parameter locally
(Chapter 2), the use of the body surface Laplacian map
rather than the body surface potential map as the starting
point for calculating the inverse solution (Chapter 3);
direct inverse solution for the myocardial activation map
rather than for epicardial potentials, based on identiﬁ-
cation of critical points in space and time that reﬂect
myocardial activation (Chapter 5); selection of regular-
ization parameters using the the ‘‘L-curve’’ method for
graphically visualizing the tradeoﬀ between the error of
the computed solution (quality of ﬁt to the spatial data)
versus contributions from data measurement errors (de-
gree of smoothing) (Chapter 4) or by the L-curve, com-
posite residual and smoothing operator (CRESO), and
new zero crossing methods (Chapter 6); approaches to
validation of methods for solving the inverse problem
(Chapter 7), and clinical applications of the inverse
problem (Chapter 8).
The chapters are, for the most part, clearly written and
comprehensive. They are well referenced to the current
literature. The discussions of techniques are well bal-
anced, covering their limitations aswell as the advantages.
The illustrations are line art. The diagrams in the illus-
trations are clear, although the labels within them are
sometimes blurred.
As is characteristic of compendia of current research,
in which editing is necessarily done with a light hand, the
quality of the chapters is somewhat uneven. Some of the
suggested new approaches are presented with data sup-
porting their utility, while other methods await conﬁr-
mation that they are useful with real-world data. The
latter methods are interesting because they provide the
theoretical basis for incorporation of previously
unavailable clinical information from MRI imaging, in-
tracardiac multipoint electrical mapping, and electroan-
atomical mapping.
There is no index.
This book is an excellent review of the state of the art
in the area of inverse solutions in electrocardiography.
The reader with a strong background in biomedical
engineering will gain a comprehensive understanding of
the ﬁeld, its ongoing barriers to advancement, and the
potential for incorporation of newly available clinical
technologies such as electroanatomical mapping. The
interested reader without the necessary mathematical
background will ﬁnd ample citations to the literature, as
well as enough nonmathematical explanation to develop
an intuitive understanding of the state of the ﬁeld.
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